Antibody Deficiency
ﬁﬂgv;ing concepts in diagnosis and treatment
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Learning Objectives

Upon conclusion of this session, participants should
be able to:

e Consider increasingly complex numbers of
primary immunodeficiency diagnoses related to
antibody deficiency

 Discuss the prescribed therapeutic options
available for treatment of antibody deficient
patients

¢ Explain the optimization of IVIG therapy for
antibody

IUIS defines 155 PIDDs

Primary in defici i 2009 update

International Union of Immunclogical Soteties Expert i an Primary ici

Luigi D. Motarangele, MD,” Alain Fischer, MD,® and Raif 3. Geha, MD® {Cochairs): Jean-Laurent Casanova, MD,"

Helen Chapel, MD,” Mary Ellen Gonley, MD,” Charlotte Gunningham-Rundies, MO, PhD,' Amos Etzioni, MD,*

Lennart Hammartrom, MD." Shigeaki Nonoyama, MD.' Hans D, Ochs, MD,! Jennifer Puck, MD," Chaim Roifman. MD,'

Reinhard Seger, MD,™ and Josiah Wedgvood, MD, PRD" oo, Mo
dms. Swesten, Tokomzinwa, fapan, Sran

64 in the majority affect antibodies

Do we need 64 individual guidelines?
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Outline: Evolving concepts in
diagnosis and treatment

» Diagnostic categories
« Antibiotic prophylaxis
« Immunoglobulin replacement

— Intravenous Optimization
— Subcutaneous

« Consideration of complex pathogenesis
using GWAS

Phenotypic categorization of
antibody deficiency

* Bcells

— Present or absent

* |gG quantity

— Absent, low, normal

* 1gG quality

— Absent, low, normal

As derived from: Orange, et. al., JACI 2006 S525

As proposed in Stiehm, Orange and Ballow, advances in pediatrics, in press




19G quality i Ig Cessation of
A B ’ Diagnostic °
Category B cells 1gG quantity | (antigen-specifi examples replacement | therapy for
antibody) examples therapy reevaluation
| Absent Absent Absent Agammaglobulinemia  Absolute Inappropriate
SCID indication —
provide
immediately
M Present Low Low Hyper IgM Absolute Inappropriate if
cviD indication, molecularly
NEMO deficiency provide after defined
(subset) firm diagnosis  otherwise a
single lifetime

trial of cessation
is appropriate

1 Present Normal Low Specific Antibody Provide if Single trial
Deficiency diagnosis s firm appropriate only
NEMO deficiency orifinfections if diagnosis is
(subset) persist notrelated to a
Subclass deficiency specific genetic
with specific antibody defect
defect

v Present Low Normal Transient Providewhen  Reassess if
hypogammaglobuline  clinically indicated with a
mia of infancy indicated single trial
Primary

hypogammaglobuline

Vi Present Normal, Normal 19G1,1gG2, 0rlgG3  Providewhen  Reassessif
but 19G subclass deficiency  clinically indicated with a
o Ig indicated single trial
subclass
deficient
VI Present Normal Normal Recurrent infection ::‘s adjunc:‘ As appropriate
erapy where
Stiehm, Orange and Ballow, advances in pediatrics, in press At
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Use of intravenous immunoglobulin and
adjunctive therapies in the treatment of
primary immunodeficiencies

A working group report of and study by the Primary
Immunodeficiency Committee of the American
Academy of Allergy Asthma and Immunology
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AAAAI Working Group Report

» Web-based survey

* E-mail invitation to 3,000 AAAAI members
* 405 unduplicated respondents

 Data collection period of ~4mos

* 13.5% response rate
Yong, et. al. Clin. Immunol. 2010 235:155

« Parallel survey was performed of ESID
— Response rate 28.5%

AAAAI Respondent Characteristics
« 80% currently treat patients with PIDD
— Most common diagnosis treated is CVID
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% of practice devoted to PID
Yong, et. al. Clin. Immunol. 2010, 135:255

Antibiotics

Providing an advantage over the environment

cluster of E. coli on a food particle

gricultural research service

Prophylactic antibiotics for PIDD
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Which antibody deficiencies are being treated with
propylactic antibiotics

How useful is antibiotic prophylaxis by diagnosis?

Extrumely Lisatul

Yong, et. al. Clin. Immunol. 2010, 135:255

Polyclonal Immunoglobulin

« From pooled plasma from 1000s of donors
— Ensures broad specificity
— US FDA recommends >15,000, but <60,000 pooled donors

*Sourced from
-Commercial plasma collection centers

US IGIV products must be manufactured from
plasma donated in the US

US IVIG preparations (7)

Stabilizer | IgA Osm Sodium Storage
sugar | (ug/ml) | (mOsm/kgorl) [ (mg/ml)

Carimune Lyoph.  Sucrose  trace 768 (12%) <24 RT (24m) CSL

Flebogamma 5%liq  Sorbitol <50 240-370 ? RT (24m) Griffols

Gammagard 10%lig  Glycine 37 240-300 “none added”  RT (6m)  Baxter

liquid 4° (36m)

Gammagard Lyoph.  Glucose <2.2 1250 (10%) 8.5 RT (24m) Baxter

sD

Gammunex 10% lig  Glycine 46 258 trace RT (9m) Talecris
4°(36m)

Octagam 5%lig  Maltose <200 310-380 <0.7 RT (24m) Octaph

Privigen 10%lig  Proline <25 240-440 trace RT (24m) CSL

Prophylactic antibiotics + IVIG

What % of patients do you recommend IVIG and
prophylactic antibiotics?

100

75

50

25

[1]
Use of prophylactic antibiotics adjunct
to IVIG

Yong, et. al. Clin. Immunol. 2010, 135:255

Polyclonal immunoglobulin preparations

e IGIV - immunoglobulin (IG), intravenous (IV)
- (IVIG)

* IGIM - immunoglobulin (IG), intramuscular (IM)
- (IMIG)

* IGSC - immunoglobulin (IG), subcutaneous
(SC)
- (SCIG)

* Hyperimmune immunoglobulins
— IM (tetanus) and IV (CMV)

US SCIG and IMIG preparations

Approved Stabilizer | IgA Sodium Storage
Route [sugar | (kg/ml) [ (mg/ml)

Gammastan ~16% Glycine ? 4° Talecris
liquid
Vivaglobin SC 16% liquid ~ Glycine 1700 <3.2 4° CSL
Hizentra SC 20% liquid  Proline <50 “trace” Room CSL
Temp




IVIG product selection

* Sucrose (Caramune)
— avoid in renal risks
* Glucose (Gammagard SD)
— avoid in diabetes
* Sodium (Gammagard SD - 0.85%, Caramune)
— avoid in infants and cardiovascular risks
« High Osm (Gammagard SD)
— avoid in infants and cardiovascular risks
« Fluid load (5% preperations — Flebogamma, Octagam)
— avoid in water restriction, caution in infants.
+ Amino acids (Glycine — Gammunex/Gammagard Liqg) (Privigen-Proline)
— avoid in specific reactivity or certain metabolic disorders
* IgA (all except Gammagard SD)
— avoid in patients with history of reaction

ONLY 2 STUDIES DOCUMENT HEAD-TO-HEAD COMPARISONS
— Gammunex vs Gammimune N in PIDD, Gammune vs Iveeegam in KD
« Subcutaneous therapy- Characteristics may be less relevant

Which antibody deficiencies are being treated with IVIG
What % AAAAI physician of patients are recommended for IVIG therapy?

Yong, et. al. Clin. Immunol. 2010, 135:255

Which antibody deficiencies are being treated with IVIG

What % of ESID physician patients are recommended for IVIG therapy?

2007 ESID Survey: Unpublished

Optimizing IVIG usage in PIDD

IVIG dosing for PIDD by Allergists

What is the usual initial recommended IVIG dosage?
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Recommended IVIG dose (mo/kg)

Yong, et. al. Clin. Immunol. 2009, Epub Nov 13

What pre-infusion IgG level do Allergists target?
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Preferred IgG trough (mg/dl)
Yong, et. al. Clin. Immunol. 2009, Epub Nov 13




The “biological” trough
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IgG trough levels: a meta analysis
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Impact of trough 1gG on pneumonia incidence in
primary immunodeficiency: A meta-analysis of
clinical studies

Jordan S. Orange ***, William J. Grossman B
Roberta J. Navickis “, Mahlon M. Wilkes *

* Division of Allevsy ond immunclogy. Chitdren's Hespitol of Philodeiphia, Department of Pediatrics,
University of Penmmyivania School of Medicing, Philadelphia, FA, USA

& P A [ , Deerfield, IL, USA

 Hygefo dssociares, Gross Valley, Ca, US4

Study selection for meta-analysis

304 potentially relevant

study reports identified
194 reports 110 reports found not
retrisved lor review relevant after screening
116 reports found ineligible T8 candidate
after preliminary review reports identified

59 reparts found ineligible 17 clinical studies included
on detailed examination (described in 19 reports)

Orange, et. al. Clin. Immunol. May 2010, ePub

Studies included in meta-analysis

Sty hesign Region IVIG Predust or Supplicr Age',y % Male
Amaann ¢t al, 1952 [29] PooUs Cutser 322 (1.5.63) 94
Schifl et al, 1984 [30) FoouUs Tmaraglobin 17 (3.8.29) %0
Roifman et al, 1987 [4-6] C-RCT  Canada Sandoglobulin 6.7
Licse et al, 1992 [7) R Gemany Unspecifiend 1000
Quartier et al, 1999 [14] R Frnce LFB, Sandoghobalin or Endobulin w0
Chapel et al, 2000 [31] CRCT Swedemand UK Endobulin 1
Plebani et al, 00 R luly Unspecified 1000
Aghasmahas R las Usipecificd 1000
Berger sl roous " 0%
Ochs and P roous Cetagasn 609
Bayrakei ot al L3 Turkey Unspecified HE
Charch et al, FoUs Gamsagand Liguid 10% %0
Pourpak et al, 2006 [23] L3 Iran Sandoglobulin or Nordunmune: ik}
Berger, 2007 [14] P us Flcbogamma 5% DIF 38.9(15.0-75.0) 630
Berger o al, 2007 [35] P US and Canada Canimune NF Ligaid 32 (4-66) )
Krasovee ¢t al, 2007 [36] P Argentin G Endovenasa UNC 101 2-15) 00
Stcin t al, 2009 [25] P USand Eurcpe 28 (369 515
Abbreviations: C-RCT, crossover randomized controlled tral; IVIG, P, R,

aMean (range) at baseline except as otherwise indicated
bMedian; assumed equal to mean for classification of mean age as < 18 year vs. 3 18 years .
Orange, et. al. Clin. Immunol. May 2010, ePub

Summary of studies

« Mean patients per study = 34
e 49% CVID, 37% XLA

* Pneumonia diagnosed by CXR and
hospitalization (1), unspecified (10), or
specifically as “bacterial pneumonia” (6)

Orange, et. al. Clin. Immunol. May 2010, ePub

Types of PIDD included in Meta-analysis

Study CVID XLA AGG HiM S0 AMher Tatal
Ammann et al, 19582 (29] E1] 7 3 n
Schaff e al, 1984 [30] i’ 2 2 "
0 ] "
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Fourpak et 6 ®
Hesger £ i ' %
Besger et al, 2007 [35] n i 1
2 ¢ o1, 2007 [36] o 4 r 5 w
. 200 [25] B ) i
Total 133 283 ] 16 12 4 676

AGG. ., ataxia CVID, common variable immunodeficiency; HIM, hyper-IgM; PIDD, primary
immunodeficiency disease; SD, subclass deficiency; XLA. X-linked agammaglobulinemia.

sSpecific antibody deficiency ~"One each and functional

<19 hypogammaglobulinemia; 10 unspecified PIDD; one each AT, SCID, and hyper-IgE syndrome; 9AT with hypogammaglobulinemia

eAutosomal recessive; 4 AT; one hyper-IgE syndrome Orange, et. al. Clin. Immunol. May 2010, ePub




Relation of IgG dose to trough level

Dose, moka  1gG (CI), mo/dL ™
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Orange, et. al. Clin._ Immunol. May 2010, ePub

Relation of 1gG trough level to
pneumonia incidence

. ® Every 100mg/kg trough level increase
El decreases pneumonia incidence by 27%
= AR = 0.726 (CI. 0.658-0.801)
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Relation of IVIG dose to
pneumonia incidence
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Meta-Analysis conclusion

e Trough IgG increases 121mg/dl for every 100mg/kg dose
increase

» Every 100mg/kg trough level increase decreases
pneumonia incidence by 27%
— No threshold identified up to 1000mg/dl trough (where data end)

» Experience underscores the need to better define
studies in PIDD patients

— Standard definitions for infections and consistent
application

— Consistent reporting of endpoints relevant to therapy

Orange, et. al. Clin. Immunol. May 2010, ePub

COriginal article

Infection outcomes in patients with common variable
immunodeficiency disorders: Relationship to
immunoglobulin therapy over 22 years

Mary Lucos, BS¢.* Martin Les, BA, PRD,® Janny Lortan, MBBS, PhD,** Edusrdo Lopez-Granados, MD, PhD."
Siraj Misbah, MBBS.*" and Helen Chapel. MA, MO Oxford, United Kingdom, and Los Angeles. Calif

J. Allergy and Clin. Immunol 2010 125:1354-60

90 CVID - 8891 patient months of data
15 XLA — 1152 patient months of data

IgG trough required to be infection free

Percentage

4 1N

o4 ln_ m
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Subcutaneous Immunoglobulin (SCIG)

IV vs. SC replacement
« Therapeutically equivalent to IV for PIt

« Less systemic adverse events with SC12
* More local effects for SC*2
« More stable serum IgG levels for SC13
— AUC issue
» More frequent infusion for SC
« Improved quality of life for SC*

16%, 20% and soon to be 10%
preparations available

iChapel, H.M., et. al. (B
J. Clin. Immunol

200020:94 1200
Gardulf A, etal. B oon SC
Lancet 1995 345:365 &

s - -

= woo -
*Berger, M., Clin
Immunol. 2004 112:1

w00

“Gardulf, A, et. al. ).
Allergy Clin a00 v
Immunol 2994 o 2 2 0 7 14 1
114:936 o Days

Will SCIG serve patients better
than IVIG

European
Responses

% Better served by 5CIG

Yong, et. al. Clin. Immunol. 2010, 135:255

IV vs SC replacement

2 year crossover trial

Mumbeor of infactions par year

Sweaden UK
p=0.76  Country  P=021(2
tailed)

Chapel, H.M., et. al. J. Clin. Immunol 2000 20:94

IV vs SC replacement

2 year crossover trial
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Chapel, H.M., et. al. J. Clin. Immunol 2000 20:94

Higher sustained IgG level with
SCIG dosing at 137%
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Virtue Trial — South. Med. J 2010.




Who Are Candidates for SCIG?

Patients with:
— Adverse Events with IVIG
— 1V access problems

— A desire for independence from IV infusion
« Either hospital or home based

— Difficulty in access to nursing care or medical
facilities

*Hagan, et. al. J. Clin Immunol 2010 ePub

Benefits for Pediatric Patients

Benefits for Parents

p=0.16

90 p=0.036 p=0.037 [
80
70
60
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40 3mos
30 M 6mos
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Fasths and Nystrom, J. Clin. Immunol 2008 28:370

120
0,082 p=0.041 .
100
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Fasths and Nystrom, J. Clin. Immunol 2008 28:370
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2 -
- AN
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(100s)

Fasths and Nystrom, J. Clin. Immunol 2008 28:370

SCIG: Infusion sites and Time

« Consider patient tolerance, and lifestyle

« Atypical infusion lasts 1 — 3 hours

« For a shorter time, use more sites

« for fewer sites, take more time

¢ US-FDA labeling recommends no more than 15ml/site
— Many patients tolerate significantly more

« Encourage rotation of SCIG sites

« Evaluate sites over time

¢ 20% SCIG has better local tolerability than 16% SCIG*

*Hagan, et. al. J. Clin Immunol 2010 ePub

Conclusions

Antibody deficiency diagnosis needs to evolve to

comprehensively cover expanding etiologies of PIDD

— Phenotypic categories

Despite specific data, antibiotic usage is commonly

employed in antibody deficiency

— Majority of immunologists use it as an adjunct to
IVIG in at least some patients

Optimization of g replacement regimens

— New data for trough levels at 1000mg/dI

SCIG equivalent with advantages for the right patient




